the aim of this study was to test the effect of the animal to feeding place ratio on behavior of meat goats during gestation. in one group (Fp-1.0; n=10) every goat had a single feeding place while in the other group (Fp-0.5; n=10) two goats had to share one feeding place. behaviors were analyzed with the continuous sampling method for 24 h for each animal. social dominance index was used by ranking individuals as low-, medium-and high-ranking according to withdrawal and displacement behaviors. total daily feeding duration decreased (p=0.001) from 5.2 h to 4.2 h by reducing feeding place. Feeding duration was neither affected by social rank (p=0.362) nor its interaction with feeding place (p=0.159). Feeding frequency was higher in Fp-0.5 than Fp-1.0 (p=0.001). lowranking goats had a higher feeding frequency (p<0.001). resting duration (lying and standing) decreased in medium-and low-ranking goats in Fp-0.5 (p=0.001) while all rank categories were similar in Fp-1.0. competition behaviors increased (p=0.001) in medium-and low-ranked goats in Fp-0.5 but were similar between rank categories in Fp-1.0. Feeding place and social rank had an effect (P≤0.009) on some of the agonistic behaviors. Agonistic interactions such as displacement, butting and ignoring were affected by the interaction of feeding place and social rank (P≤0.005). in conclusion, the reduction of the number of feeding places from 1.0 to 0.5 per goat in pregnant hornless boer goats negatively affected feeding, competition, resting and aggressive behaviors, whereas low-ranking animals suffered more from competition and aggression behaviors.
Feeding management should fulfill the behavioral needs of the animal species by using specific information on the behavioral interactions among individuals. A number of studies examined the impact of competition at the feeding place when increasing the number of animals sharing each 'feed space' on the animal behavior (e.g. Corkum et al., 1994; Fregonesi and Leaver, 2002; DeVries et al., 2004; Jørgensen et al., 2007; Ferris et al., 2013) . As social animals, ruminants tend to synchronize their feeding behavior and access the feed bunk as a group (Nielsen et al., 2016) . A reduction of feeding space allowance from 20 to 10 cm/head led to a significant reduction in the amount of time spent feeding (Loretz et al., 2004) .
The agonistic behavior influences an individual's access to vital resources, such as food, water and shelter (Miranda-de la Lama and Mattiello, 2010) . DeVries et al. (2004) documented an increased feeding time and a decreased aggression level when feeding space was increased from 0.5 to 1.0 m per animal. Similarly, Jørgensen et al. (2007) , reported that a decreased number of feeding places per dairy goat increased aggression and it was recommended to raise not more than one goat per feeding place. But, Loretz et al. (2004) did not find any effects of reducing feeding place from 1.0 to 0.5 per head on aggressive interactions in different breeds of goats including Boer goats.
Competition and overstocking affect the resting time of cows in the pen (Fregonesi et al., 2007; Cook, 2019) . Increased stocking density increases social stress and aggression and reduces lying time in cows (Krawczel and Lee, 2019) . Resting behavior can be negatively influenced by aggression in goats (Aschwanden et al., 2009) . In contrast, Jørgensen et al. (2007) reported that the percentage of time spent lying increased when the number of goats per feeding place rose. However, Bøe et al. (2006) showed that reduced lying space resulted in a reduction of lying time and a large increase in the number of displacements in sheep. The proportion of time the goats spent lying decreased significantly with decreasing space allowances (Loretz et al., 2004) . In addition, the lowest ranked goats spent less time resting and spent more of their resting time in the low-comfort activity area (Andersen and Bøe, 2007) .
Social dominance is the ability of an individual to have priority over others for access to scarce resources (Miranda-de la Lama and Mattiello, 2010). Therefore, social interactions among goats need to be considered to improve husbandry conditions. Barroso et al. (2000) clearly demonstrated the existence of a stable social hierarchy throughout several months and a linear hierarchic order. Body weight and having horns are the most important factors determining the level of aggressive behavior and thus dominance status of an individual (Conway et al., 1996; Barroso et al., 2000; Tölü et al., 2007) . High-ranking goats benefit from available resources more than low-ranking goats by spending more time feeding (Andersen and Bøe, 2007; Aschwanden et al., 2009; Loretz et al., 2004; Pascual-Alonso et al., 2013) .
The physiological situation can affect the behavior. General activity decreases with the advancement of the gestation in sheep (Averós et al., 2014) . We expected that reduced feeding place allowance would potentially increase the aggression and decrease time spent feeding of pregnant meat goats. Negative effects might be exacerbated or lessen through gestation. However, direct comparisons of feeding arrangement on resting behavior for advancing gestation of goats are not available in the literature.
The objective of this study was to determine the effect of reduced feeding place allowance on the feeding, resting, competition and aggression behavior and potential welfare implications of hornless Boer goats during middle gestation.
Material and methods experimental design
Two runs with a total of 40 goats were conducted. In each run, goats had either 1.0 (FP-1.0, n=20) or 0.5 (FP-0.5, n=20) feeding places available per head. Each repetition lasted 6 weeks.
animals and feeding
All animals were hornless Boer goats reared at the Department of Animal Sciences of the University of Göttingen, Germany were used. The animals were in the second to third month of pregnancy at the start of experiment both of first and the respective repetition. Groups were balanced for initial body weight (BW; 48 to 75 kg) and age (2 to 8 years of age).
On average, each animal received 2.2 kg dry matter hay and 0.8 kg dry matter concentrate per day. The daily amount of hay and concentrate was delivered at two times (08.00 and 13.00 h). Hay was refilled after the concentrate was consumed. Water was provided ad libitum.
Animals of each treatment were kept in a single pen sizing 13 m 2 , and hence providing 1.3 m 2 per animal. Pens were bedded with straw and equipped with 10 feeding places that measured 37 cm in width for FP-1.0, whereas half of them were blinded in the FP-0.5 treatment by solid wooden wallboards so that 5 feeding places were accessible in the FP-0.5 pen and 10 in the FP-1.0 pen.
behavioral observations and dominance index
The goats were individually marked on the back for identification in video records. The animals were video-recorded during the entire experimental period of 6 weeks in both runs. Each pen was monitored with 1 or 2 video cameras (Panasonic, digital 1/3" Standard S/W-Camera Type WV-BP 330, Matsushita Electric Industrial Co. Ltd., Osaka, Japan, 2003) with high resolution (570 line) and sensitivity (0.08 lx F1.4 lens) for infrared. For the night records, the cameras were mounted with additional infrared emitters (LED-Infrarotscheinwerfer 950 nm, Weitflut, 15W, Type WFL-II/LED 15). A digital video recorder (Panasonic, Model AG-TL 750 E) was used for recording and video analysis was performed using the Interact software (Version 13.0, Mangold International GmbH, Arnstorf, Germany). Behavior traits were analyzed with the continuous sampling method over 24 hours of each of the 6 experimental weeks (6th day of the week), resulting in 144 h of fully evaluated video-records for each animal. The behavior of feeding, resting, competition and agonistic interactions were adopted from Conway et al. (1996) , Andersen and Bøe (2007), and Ehrlenbruch et al. (2010) (Table 1) . Behaviors were analyzed both as frequency (number of the respective behavior performed per hour) as well as duration (the respective behavior performed in min per hour).
Individual goats within each treatment group were evaluated according to their dominance (D) as suggested by Lamprecht (1986) . Withdrawal and displacement behavior of each goat were recorded throughout the trials. All possible comparisons among individuals of a treatment were done, and D was calculated as following: D = number of subdominant individuals / (number of dominant individuals + number of subdominant individuals) x 100. The coefficient 'D' indicates the percentage of animals dominated in relation to all animals with which the individual has interacted within the treatment. Furthermore, animals of each treatment were classified either as low (D<0.33), medium (D=0.33-0.66) or high-ranking (D>0.66) individuals by using the classifications of Barroso et al. (2000) . 
statistical analyses
All analyses were performed with SAS, version 9.3 (SAS Institute, 2014). Behavioral parameters, quantified hourly as frequency or duration were analyzed with repeated measures analysis of variance using Proc Mixed. The model included the fixed effects of treatment (FP-1.0 and FP-0.5), rank (low, medium and high), hour (1-24), experimental week (1-6) and experimental repetition (1, 2). Furthermore, all possible two-way interactions between these factors as well as all possible three-way interactions among triple combinations of factors that included either treatment and/ or rank, were added to the model. Because the observations were made on the same individuals for 24 h in each of 6 weeks in each experimental repetition, the effect of repeatedly observed animal (subject) was also included in the model. The covariance structure was set to be compound symmetry. Post-hoc comparisons were performed with the Tukey test with a significance level of P<0.05.
results

Feeding duration and frequency
Reduced feeding place decreased feeding time, but increased feeding frequency (Table 2) . Feeding frequency was the highest in low-ranking goats, without a significant interaction with number of feeding place. Neither the rank order nor the interaction between number of feeding place and rank order had a significant effect on the feeding duration (Table 2) . 
resting duration and frequency
There was a significant interaction between feeding place and social interaction concerning the lying duration, lying frequency and standing frequency, but not on the standing duration (Table 2) . Medium-and low-ranked goats had lower lying durations than high-ranked goats when the number of feeding places was reduced (P=0.003), while goats with different social ranks had similar lying durations in FP-1.0 (Figure 1) . Moreover, high-ranked goats in FP-0.5 showed a similar trend of lying duration compared with FP-1.0 (Figure 1) . While high-ranking goats had lower (P≤0.005) standing and lying frequency compared with medium-and low-ranking goats in in FP-1.0, these frequencies were similar between social ranks in the group of FP-0.5. There were significant effects of the day on standing and lying duration (P≤0.05), but no stable pattern could be observed with advancing pregnancy. Figure 1 . Mean lying behavior with access to 1.0 (FP-1) or 0.5 (FP-0.5) feeding place per goat and the rank interaction. Error bars represent standard errors of LSMEANS, Tukey P≤0.05, after a significant (P≤0.05) interaction effect between treatments
competition duration and frequency
The duration and frequency of competition behaviors at the feeding place were affected by the interactions between feeding place number and social rank (Table 2). Thereby, rank categories did not differ in FP-1.0 (P>0.05) while in FP-0.5 the frequency and duration of competition behaviors increased with decreasing rank category (P≤0.001).
agonistic interactions
Feeding place had significant effects on withdrawal, displacing, butting, fighting and heading behaviors, and the social rank category on withdrawal, displacing, butting, threatening and heading behaviors, but there was no interaction between both effects observed (Table 2) . Active aggression behaviors (butting, threatening and heading) increased while passive behaviors (withdrawing and displacing) were re-duced with decreasing rank category (P≤0.01). Lower-ranking goats in FP-0.5 were exposed to more (rank-feeding place interaction, P≤0.05) displacement, ignoring and butting behaviors while all rank orders were similar in FP-1.0. The interactions between hour and feeding place number affected all agonistic interactions (P<0.001). The observed distribution of heading, butting, fighting and threatening are illustrated over a 24 h period in Figure 2 . discussion This study investigated whether reducing the feeding place to animal ratio from 1.0 to 0.5 affects behaviors such as feeding, resting, competition and agonistic interaction in meat goats during middle of gestation.
Feeding and resting behavior had the largest share of the daytime and there was a large variation in aggressive, feeding and resting behaviors. The feeding time of dairy goats varies between 6 and 9 h per day in intensive production systems (Abijaoude et al., 2000) . Time spent feeding decreased from 5.2 to 4.1 and 3.0 for one, two and three goats per feeding place, respectively, when hay was offered (Jørgensen et al., 2007) . In this study, the total daily feeding time decreased from 5.2 h to 4.2 h by reducing feeding place (P=0.0001). A significant decrease in time spent feeding was reported in several studies when the feeding places to animals ratio was reduced in cattle (DeVries et al., 2004 ), pigs (Rasmussen et al., 2006 ) and sheep (Bøe et al., 2006 . Loretz et al. (2004) and Jørgensen et al. (2007) reported a decrease in feeding time when feeding place was restricted in different dairy breeds and Boer goats. Restriction of access to feed by space or time constraints led cows to modify their time budgets and increase their rates of intake (Ferris et al., 2013) . A similar effect was reported by Corkum et al. (1994) , who observed that goats were able to compensate for shorter times spent at the feeder by increasing the rate of intake. In wide agreement, our results showed that reduced feeding space lowered the duration of feeding but increased its frequency. However, goats may be able to maintain their daily intakes by increasing their mean daily intake rates.
In agreement with the findings of previous studies (Andersen and Bøe, 2007; Aschwanden et al., 2009; Loretz et al., 2004; Pascual-Alonso et al., 2013) highranking goats spend more time for feeding than low-ranking goats. In our study, lowranked goats were frequently forced to leave the feeding place, but feeding duration was similar between rank categories. In addition, the frequency of feeding in FP-0.5 was twice as high as in FP-1.0, independent of the social rank. Harb et al. (1985) showed that submissive cows increased their rate of eating to a greater extent than dominant animals. Confirming these findings low-ranking goats may compensate their intake rates and increase frequency of feeding.
Resting behaviors can be negatively influenced by social conflicts in goats (Aschwanden et al., 2009 ). Contrarily, Jørgensen et al. (2007 found that increasing the number of goats per feeding place increased the time spent lying. Medium-and low-ranking goats showed less lying duration than high-ranking goats when feeding place was reduced.
Competition and aggressive interactions were increased by restricting feeding place as shown in earlier studies (Fregonesi and Leaver, 2002; Jørgensen et al., 2007; Bøe et al., 2006) . In contrast, Loretz et al. (2004) reported that aggressive interactions at the feed barrier were not significantly affected by the number of feeding places available. According to Aschwanden et al. (2009) , behavioral reactions without physical contact are more frequent in horned goats than hornless goats. Additionally, avoidance behavior by lower-ranking goats was only rarely seen in the hornless group. In this study, threatening and fighting had the lowest frequency, but displaced, butting and heading were the most encountered aggressive behaviors. Higher-ranking animals constantly reinforce their status by means of continuous aggression (Barroso et al., 2000) . Loretz et al. (2004) stated that high-ranking goats often defended several feeding places at once while low-ranking goats had to share feeding places. Increasing competition at the feeding place can be considered as the main reason for increasing aggressive physical contact. However, high-ranking animals did not need physical confrontation to establish a hierarchy.
The decline in activity is one of the expected behavioral changes during pregnancy (Averós et al., 2014) . Vas et al. (2013) reported that aggressive behavior decreased during pregnancy. However, in this study there was no significant difference relative to stage of pregnancy. Direct comparisons of changing aggression behavior for advancing gestation of these animal types are contradictory and warrant further studies.
In conclusion, competition and aggression increased when feeding place to animal ratio was reduced, especially in lower-ranking goats. In addition, feeding and resting behaviors were negatively affected. Therefore, it is recommended to provide one feeding place for meat goats during middle gestation to prevent agonistic interactions.
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